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1 
This invention relates to the oxygenation of 
olefins and more particularly fo the catalytic 
vapor-phase conversion of ethylene, propylene, 
etc., to the corresponding oxides. 
In recent years the manufacture of ethylene 
oxide bas steadfly grown in commercial impor- 
tance because of its wide use as raw material in 
the pr.eparatiol of organic products including 
glycol, plasticizers, resins and surface active 
agents. In spire of the large market for ethylene 
oxide and the many processes that have been 
proposed for the manufacture of this product, no 
process bas been round free of the handicaps 
and limitations characteristic of current opera- 
tions, among these being cumbersome and expen- 
sire reactors, high dilution of the r.eaction gases 
and low conversions. 
An object of the present invention is to provide 
a process for making ethylene oxide and simflar 
olefln oxides in simple equipment having no size 
restrictions but capable of sensitive control of 
the reaction. 
Another important object is to circumvent in a 
practical way unnecessaïy dilution of the react- 
ants without encountering the dangers of a run- 
away reaction and explosion. 
Still nother object is to operate af high rates 
of throughput with high conversions. 
These and additional objects of the invention 
will ,become evident from' the description which 
follows. 
In accordance with this invention, olefins such 
as ethylene and propylene are converted to the 
corresponding oxides by direct vapor-phase reac- 
tion with oxygen in the presence of a fluidized 
mass of sflv.er catalyst under carefully controlled 
reaction conditions. Whfie the activities of the 
various catalysts which may be employed will 
dictate different reaction temperatures, I have 
round it advantageous to use silver catalysts of 
high activity, as known fo those skflled in the 
art, af reaction temperatures in the range of 
200 ° fo 300 ° C., and preferably 220 ° to 260 ° C. The 
catalyst may be in the form of massive silver par- 
ticles with or without suitable promoters or ac- 
tivators like platinum, gold, manganese, and al- 
kaline earth metal compounds, or such catalyst 
may be supported on fine particles of a carrier, 
e. g., finely divided refractory alumina. 
To achieve the ends of my invention, if is es- 
sential to avoid unnecssary dilution of the gase- 
ous reactants by the addition of steam, carbon 
dioxide and the like. Furthermore, it is impor- 
tant to bring the two reactants together without 
using a large excess of either one, which hereto- 

2 
fore has been practiced to effect dilution of the 
highly exothermic reactants without introducing 
extraneous dfluents like carbon dioxide. 
VWhile air may be used to provide the oxygen 
5 for this process, it is advantageous to utilize 
ygen in a more concentrated form, say, oxygen- 
enxich.ed air obtained by air rectification and 
containing at least 25% by volume of oxygen. 
Preferably, oxygen of at !east about 95% purity is 
10 ued in the oxygenation of olefins by this inven- 
tion. Similarly, whfle any gaseous fraction con- 
taining ethylene and simflar olefins, like the gase- 
ous fraction obtained from catalytic cracking or 
reformg operations, may be employed in the 
1 production of valuable olefin oxides, it is de- 
sirab!e to select fractions having an olefin con- 
tent of over 50% by volume. 
Theoretically, the oxygenation of ethylene pro- 
ceeds according to the reaction: 
0 
1CI-I«÷0.50-> 1CI-IO 
However, the conventional processes with which 
I ara acquainted inevitably involve a substantial 
consumption of the ethylene in undesired  side 
2 reactions including complete oxidation accord- 
ing to the equation: 
IC2H÷302-> 2CO2÷2H20 
I is 0bvi0us that the last reaction consumes six 
30 rimes th.i amount of oxygen required to form eth- 
ylene oxide. By my process it is possible for the 
first rime to curtail the quantity of olefin that 
completely oxidized fo less than about 10% 0fthe 
ethylene converted in the reaction, t'ot only 
5 this highly significa]t commercialIy in terres of 
improved yields but also it becomes economically 
feasible to use oxygen-rich fractions since the 
waste of oxygen in und.esired side reactions is 
materially decreased. For efficient operation of 
40 the present process, I find it advisable to control 
the ratio of reactants so that for each volume of 
ethylene or like olsfin hot more than 1.0 volume, 
preferably not more than 0.5 volume, of ox]gen 
is provided to the cata!ytic reactien zone. 
45 For more detailed description and further clar- 
ification of this invention, reference is ruade to 
the accompanying drawing, in which: 
Figure 1 is a sectional elevation schematically 
showing a preferred form of apparatus for Con- 
0 ducting my process; and 
Figure 2 is a sectional elevation representing 
an alternative arrangement of apparatus suitable 
for carrying out the invention. 
Peferring to Figure 1, an elongate vessel | bas 
î5 a series of baflles or a grate  forming two e0n- 
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3 
tiguous zones 3 and 4within vessel . The vessel 
contains a fluidized mass of powdered sflver cata- 
lyst completely filling the contiguous zones 3 and 4 
and terminating af the pseudo-liquid level 5, i. e., 
the level af which the reaction gases become 
disengaged îrom the bulk of the catalyst powder. 
The topmost portion of vessel ! forms a settling 
space G wherein any e]]trained catalyst particles 
tend to settle out of the reaction gases emerging 
from level 5. 
In operation, one of the reactants, say, ethyl- 
ene, is supplied through pipe 7 to the_ lower or 
reaction zone 3 in vessel J. The inflowing stream 
of ethylene conveys in suspension into the reac- 
tion zone 3 powdered cat]yst discharging pipe 
7 from standpipe 3 as hereinafter descred. At 
the saine rime, the other reactant, say, oxygen, 
enters the reaction zone 3 through a perforated 
distributor |0 fed by pipe 9. The »eacta.nts are 
quickly and thoroughly mixed within reaction 
zone 3. The reacting gases flow up through zone 
3, maintaining a we]l fluidized condition ii the 
catalyst mass, and without discontinuity in the 
fluidized phase the reaction gases pass through 
the restrictîons of grate 2. into the upper or 
quenching zone 4. The hot reaction gases are 
immediately quenched or cooled to stop unde- 
sired side reactions by either the direct injection 
of a coolant through pipe ! and nozz!es 2 oï 
indirect heat exchange with a bank of tubes 3 
through which a cooling medium flows by way 
of inlet |4 and outlet |5. Both cooling means 
may be employed if desired. The temperature 
of the gases flowing through the fluidized mass 
of catalyst surrounding the cooling tubes  is 
reduced fo a level which hot only promptiy ter- 
minates reaction but also eliminates explosion 
hazards thus facilitating the further treatment 
or use of the gaseous reaction product. The thus 
cooled reaction gases are permitted to emerge 
from the fludized mass of silver catalyst at 
pseudo-liquid level ; the gases fise through space 
G within entrained catalyst particles tend to 
settle out. lemoval of entrained particles îs 
completed with a suitable separator, for example, 
a porous A]undum lïlter . The dust-free re- 
action gases are safely withdrawn through ourlet 
pipe ! ] for further utilization as desired. 
A standpipe 8 connected with cooling zone  
seves fo convey cooled catalyst fo pipe 7 where- 
in, as hereinbefore mentioned, the catalyst is 
carried in suspension by the ethylene stream 
flowing into reaction zone 3. The transfer of 
catalyst from upper zone 4 to Iower zone 3 is 
controlled by slide valve J8 or its equiva!ent. 
Tube 9 is used to introduce gas into standpipe 
3 to maintain the catalyst therein in a free-flow- 
ing condition. For such purpose, steam, air, 
carbon dioxide, methane, etc., may be employed. 
It is therefore apparent that the powdered cata- 
tyst is continuously circulated through the ap- 
paratus by flow up through reaction zone 3, grate 
, cooling zone , down through standpipe 8 and 
valve 8, and through pipe  for return fo reaction 
zone 3. Furthermore, if is clear that by pro- 
portioning the quantity of circulated catalyst to 
the quantity of hea.t released in reaction zone 
3 the reaction temperature is easily and closely 
maintained at the desired optimum leve!. 
Figure 2 illustrates an alternative form of ap- 
pratus comprising two contiguous zones 25 and 
! communicating with one another through the 
restricting duct 22,. Premixed reactsnts, _or ex- 
ample, ethylene and oxygen, flow through inlet 
pipe 3 into the lower or reaction zone 2, carry- 

ing in suspension powdered catalyst discharged 
into pipe 23 from standpipe 24 as described here- 
after. The oxygenation reaction proceeds from 
the instant that the reactants reach the reaction 
 zone and the reaction gases flow upwardly main 
taining fluidization of the catayst powder and 
passing through duct  into the upper or cooi- 
ing zone  . Therein the mass of fiuidized cata- 
lyst and the reaction gases are maintained at 
10 temperature substantïally below the reaction 
temperature prevailing in lower zone 2.. The 
drop in temperature is effected by direct quench- 
ing as by flashing water to steam by injection 
tbx'ough pipe 27 and nozzle 2, or by indirect heat 
1 exchange with a coo]ant flowing through coil 
29 by way of inlet 30 and ourlet 3. The cooled 
reaction gases become disengaged from the bulk 
of the fluidized catalyst af peudo-Iiquid Ieve! 
$2 without danger of explosion and fise through 
20 space 3 to discharge through ourlet pipe 
Entrained particles of cata]yst are removed from 
the reaction gases flu cyclone separator 35 so 
that substantiaI]y dust-free gases leave through 
pipe 36 for further t'eatment or recovery as de- 
25 sired. The separated catalyst powder drops 
from cyclone. 3 into standpipe 2 whence it dis- 
charges into pipe 2. The flow of catalyst 
through standpipe 2 is regu!ated by valve 
Fluidizing gas enters through tube 38 fo keep 
30 the catalyst fïom clogging standpipe 2]. For 
this purpose, a gas ve!ocity of the order of 0.1 
foot per second up throuh the stndpipe 
generally satisfactory. 
As in the case o£ the apparatus of Flgtu-e 1, 
35 the present apparatus is operated with continu- 
ous circulation of powdered catalyst, the chief 
difference being that somewhat higher gas 
locities are used in zone 2 ! than Lu zone 4. Thus, 
with a given catalyst powder requiring a ga ve- 
rso locity .of, say 0.6 to 1.2 feet pe second through 
zone 4, if would generally be advisable to employ 
a velocity of 1.5 fo 2.5 feet per second through 
zone ! fo promote a desired amount of catalyst 
entrainment by which, in turn, circulation of 
5 catalyst through the contiguous zones 8 and 
is effected. 
vVhfle premixed reactants may be fed fo the 
reactor 8 by way of pipe 23, the reactants may be 
separately charged by providing an additionaI in- 
50 let pipe. In this connection, Figure 2 includes an 
advantageous modLcation comprising a second 
inle pipe 25 for one of the two reactants, a dis- 
charge opening 26 in reaction zone , a stand- 
pipe $, a cooling vessel , another standpipe 
5 44, a gas inlet tube 45 and a flow-control device 
G. Operating with separate injection of the re- 
actants into reactor 0, one -eactant would serve 
to circulate catalyst through the contiguous zones 
29 and ! and standpipe , while the other 
50 would promote circulation through zone 20 and 
cooling vessel 9 which is provided with heat ex- 
change tubes 4| connected with inlet 42 and out- 
]et 3 for the flow of a cooling medium there- 
through. Those skilled in the art wfll appreci- 
65 are that the double circulation of catalyst 
through cooling zones - ! a.nd 40 makes if possible 
fo use one of these cooling zones as a vernier 
controI in the maintenance of a desired optimum 
temperature in reaction zone 
70 To exemplify the invention more specifically, 
an ethylene gas fraction containing approximately 
80% by volume of ethylene and the remainder 
comprising essentialIy ethane, methane and hy- 
drogen is supplied to the reaction zone along with 
75 a stream of oxygen of about 98% purity. The 
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reactants are proporttoned so that there is 0.7 
volume of oxygen for each volume of ethylene in 
the feed. The contiguous reaction and cooling 
zones are fi]led wtth a flutdized mass of catalytic 
silver powder, all of which passes through a 200 
mesh screen and only 10% of which is retained 
on a 325 mesh screen. The reaction gases flow. 
up through the reaction zone af a velocity of 1.4 
feet per second and through the cooling zone af 
a velocity of 1.1 feet per second. Contact rime 
within the reaction zone ts 3.2 seconds. With the 
indtcated gas flow the silver powder is maintained 
in a well fiuidized state. Waer is circulated 
through a heat exchanger disposed in the cool- 
ing zone fo keep the temperature of the zone af 
140 ° C. and caalyst at this temperature is con- 
tinuous]y transferred from the cooing fo the re- 
action zone. In this manner, by controlling the 
flow of cool catalyst the reaction zone ts kept af 
a temperature of 240 ° C.; if is observed that the 
temperature of the reaction zone shows insignifl- 
cant or no variation over prolonged periods of 
operation. The ethylene oxide recovered from 
the effluent reaction gases shows a yield of 78%. 
:In another example of the process, a hydro- 
carbon gas containing by volume 65% ethylene, 
23% propylene and the remainder consisting 
chiefly of ethane, methane and hydrogen is oxy- 
genated with a stream containing 40% oxygen 
obtained by rectification of liquid air. The olefln 
fo oxygen ratio of the feed is 1.0 to 0.8. The cata- 
yst is in the form of silver deposited on finely 
divided alumina, all of which passes through 200 
mesh and 30% of which is retained on 325 mesh. 
The silver content of the catayst powder is 18% 
by weight. The gas velocity through the con- 
tiguous zones is of the order of 1 foot per second 
and the catalyst is satisfactorfly fiuidized under 
these conditions. As in the previous example, a 
cooling tube bank keeps the upper zone at a 
temperature of 155 ° C. and catayst powder circu- 
lating from this zone fo the reaction zone makes 
itpossible fo hold closely fo the desired reaction 
temperature of 235 ° C. Contact rime in the re- 
action zone is 4.1 seconds. The yield of recovered 
ethylene and propylene oxides is 69%. 
Experience indicates that with high catalyst 
activity readfly attainable with the fine silver 
powders that may be employed in my fluidiza- 
tion process the contact or residence rime of the 
reactants within the reaction zone is advan- 
tageous]y less than 5 seconds. In spire of the 
limited reaction rime high conversions are re- 
alized. 
If has been hereinbefore stated that for ef- 
ficient operation of the process of this invention 
hot more than 1.0 volume of oxygen should be 
charged fo the reactor for each volume of o]efin; 
this limitation, in effect, prevents inordinate dilu- 
tion of the reactants by excess oxygen. To avoid 
material dilution of the reactants by excess o]efin, 
if is advisable fo provide hot less than 0.4 volume 
of oxygen with each volume of olefln entering the 
reaction zone. 
Itis well fo observe that the fluidized catalyst 
in each of the two contiguous zones is af a uni- 
form, desired temloerature and yet the two zones 
are maintained af substantially different tem- 
perature levels. This is made possible by plac- 
ing restrictions in the flow path of the fiuidized 
mass between the reaction and coollng zones. 
Thus, grate 2 in the apparatus of Figure 1, whfle 
permitting upward flow of the fluidized mass 
from the lower zone to the upper, prevents sub- 
stantial slippage of the catalyst particles from 
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the upper zone to the lower. Simllarly, the con- 
necting duct 22 between zones 0 and 1 of Fig- 
ure 2 acts to avoid top-to-bottom mixing of the 
fluidtzed catalyst in the contiguous zones and a 
5 temperature differentia! can thus be established 
therebetween. 
Those skfl]ed in the art will visualize many 
variations of the invention wtthout departing 
from its spirit or intent. For instance, one or 
10 both of the gaseous reactants may be introduced 
into the reactor af a p]urality of vertically spaced 
points. Recycling of reaction gases may be prac- 
ticed a]though this is unnecessary when the proc- 
ess operates under the indicated preferred condt- 
15 tions. Also, particularly with silver catalyst of 
very high activity, it may be beneficial to admix 
an inert powder such as graphite or Carborun- 
dura with the catalyst particles. Accordingly, the 
foregoing disc]osure should be interpreted as be- 
20 ing illustrative of the invention and hot restric- 
tive; only such limitations should be imposed as 
are indicated in the alopended claims. 
What I claim is: 
1. In the vapor phase catalytic process for oxy- 
25 genation of olefms wherein gaseous reactants 
comprising essentia]ly olefln and oxygen are 
passed upwardly through a vertical elongated 
catalytic zone containing a unitary mass of 
powdered oxygenation catalyst maintained in 
30 fluidized condition; the improvement which com- 
prises, restricting the flow of gaseous reactants 
intermediate the ends of said catalytic zone and 
below the psuedo-liquid level Of catalyst there- 
in whereby said catalytic zone is divided, with- 
35 out discontinuity of the fluidized catalyst phase, 
into a lower reaction zone and a contiguous 
per cooling zone and upward fiow from said lower 
fo said upper zone is permitted but slippage of 
catalyst particles downward from said upper zone 
40 to said 10wer zone is substantially prevented, 
lnaintaining said lower zone at reaction tempera- 
ture, while maintaining the upper zone af a ma- 
terially lower temperature such that the reac- 
tion in said upper zone is substantially termi- 
43 nated below the pseudo-liquid level of catalyst 
therein, and withdrawing the gaseous reaction 
ICrOducts from said upper zone. 
P.. The process as defined in claire 1 wherein 
the catalyst is a comminuated silver catalyst, 
50 the olefln and oxygen reactants are proportioned 
so that there is present from about 0.4 to 1.O 
volume of oxygen for each volume of olefm, a 
reaction temperature in the range Of about 200 
fo 300 ° C. is maintained in said lower zone and 
55 cooled reactiongases are separated from cooled 
catalyst in said upper zone and said cooled cata- 
]yst returned fo said lower reaction zone. 
3. The process as deflned in claim 2 wheretn 
the olefin is predominantly ethylene. 
60 4. The process as defined in claim 2 wherein 
the olefln is predominantly propylene. 
5. The process as deïmed in claire 2 wherein 
a stream containing hot less than about 50% 
by volume of ethylene is proportioned with a 
65 stream containing not less than about 35% by 
volume of oxygen so that there is present from 
about 0.4 to 1.0 volume of oxygen for each volume 
of ethylene and the thus obtained ethylene and 
oxygen reactants are introduced into said lower 
70 reaction zone, and a reaction temperature in the 
range of about 220 fo 260 ° C. is maintained in said 
reaction zone. 
6. The process as deflned in claim 2 wherein 
a stream containing not less than about 50 % by 
7 volume of ethylene and a stream containing hot 



pçrtope d so .t-çre  prçen .po ore 
':.n Çg 0-75 ygl e of oxygen-for each volume 
çf çhlee and .tte hus propotCneÇ ethyiçe 
nd oxygen reactnts are inçroduced into said 
lower reaction Zone, and a :eiop temPeçgtue 
in Che rnge of ab9ut .220 . 260  c. s maintaned 
a idloer reaction zone. 
.'/ e r phaçcatalyti c proc.ess for ox- 
,genaion of olefins wherein gaseous .reaçtant 
9Piipg essen.ly olefin and oxygen are 
paed upward]y through a vertical elonggtd 
glp Oçe0nt.ain a un.it£ _mass Of Coin- 
.condition; the improvement which comprises re 
Ftg-t.èfl# o gaseb .reácanis inermedi- 
ç hç Ç-0f aid caayti c zsne beï0w he 
psu¢dorliquid evel of cat.lyst thm'eJn whereby 
y o-the :fluidized ç.]ys fi phase, mto a !0wer 
:r:eaç0 p zoçç &nd Ç contg u°us upper COOing 
.zone and upward flow îrom said owr to said 
upper zone  permitedbut sïppagç 0 f catalyst 
-p»iççs dowwar d fo m s&id uppe t0 .said ]0w- 
er 0.ne .is substÇnly prevented, proportion- 
ing a stream containg hot less than about 50% 
by volume of olefin and a stream of oxygen con- 
(Çiniggas so hat there is present from about 
0.5 to 0.5 vol]e of oxygen for each volume of 
plein n d itroducing the thus prop0rtioned 
sfirem 0f 01efin and oxyge n reacants into said 
reacti0n zone, passng a coolant hrough the said 
Pe 0ne fio mainti te fluidied mgss there- 
ifiat  çepeçaure mafieAally below reaction 
tprature, withdawiug te reaction gases 
ff.oto said uppeç çone an d transferrig cooled 
p.e'ed caayst fmm said upper zone to the 
owr zope io ecç cir£ulation of said caaiyst 
hç0ugh aid çmt.igu ous zones t a rate to main, 
$ Sad lower zone at a reaction fiemPerature 
] e rÇge of aput220 o 2ô0  c. 
8. çh e process as deflned in claire  wherein 
 çlçfln stream is predominantly ethylene and 
the coolant is pÇssd in indirect heat exchage 
rçn with the fiçided mass in the upper 
zone. 
9. The process as deflne d in claire 7 wherein the 
01eflp stream is prdominantly propylene and the 
cpÇnt is passed n indirect heat exchange rela- 
ti0 with the fludizd mass  the upper zone. 
10. In fihe vapor .phase catalytic process for 
çonvertng ethylenÇ fo efihylene oxide by direct 
oygena0 n in the pressnce of a silver cata]ysfi 

.w,,heeip .,g ,eo..us. reactÇ!; co,mpising esentia- 
ly etFÇne nd 0xYgen are passe.d upwa[y 
t-hroç, gh a erica elongat¢d catalyt!c zone cpn- 
ng .a uniry mass o c0mminuted sflver ex- 
:5 ygenation cata.lyst mintained 
dit0n; the. imProvement whjch comprises 
stricting the flow of gaseous reacmnts 
meate the ends of said catalytic zone and be- 
low .the pÇuedo.iquid level of catalyst here 
10 xvhereby said catalytic zone is divided, without 
dscontuity o the fluidized catalyst phase, in- 
 a lowm" reaction zone and a çontuous upper 
co0ling Zone and upward flow from sai.d lower 
 said upper zone s permitted but s!ippage of 
15 calyst particles from said upper fo said lower 
zone s subsantiaiIy Prevented, Propcrti0nmg a 
Çtm 0 hot iess than aout 50 by Wo!ë.0f 
etl)ylene ad a tream cotaining not less han 
about 5% by volume of oxygen so that there 
20 present fçom about 0.5 tO 0.75 volume 05 oxygen 
for each volume of eylene, introducing .sa.i d 
actant in sad proportion into said lower reac- 
tion zone, passing coolant in indirect heat ex- 
change with the fluidized mass in e upper zone 
25  maintain therein a temperature materily be- 
low the rection temperature, withawing the 
reaction gases from said upper zone, traferrg 
pow.dered catalyst from said upper zone to a low 
point in th lower reaction zone to eect cr- 
30 cu]ation of saià catalyst through said contiguous 
zones, flowing an additional coolant in indirect 
heat exchange relation wth the fluidized mass 
 said lowe reaction zone an d coordinating the 
rate of said catalyst circulation and the rate of 
35 flow er said addiional clant t0 maintain said 
Iower reuction zone at a temperature in the rnge 
of about 220 to 20  C. 
EDER.ICK W. SUD, VAN 
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